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Endovascular management of superior mesenteric
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A 31-year-old man underwent a Whipple procedure for a pancreatic neuroendocrine tumor, which consists of a
pancreaticoduodenectomy and reconstruction to restore intestinal continuity. Six weeks after the operation, he presented
with severe mid-epigastric pain radiating to his back. Imaging studies revealed a large pseudoaneurysm arising from the
superior mesenteric artery. Selective superior mesenteric angiography confirmed the presence of the pseudoaneurysm. A
6 mm  2.5 cm stent graft (Viabhan; W.L. Gore, Flagstaff, Ariz) was deployed across the pseudoaneurysm origin with
preservation of the mesenteric branches. The patient had immediate resolution of symptoms and follow-up imaging
showed patency of the stent graft and exclusion of the pseudoaneurysm. (J Vasc Surg 2011;53:209-11.)Pseudoaneurysms after upper abdominal surgery are
rare and most occur after biliary tract and pancreatic sur-
gery.1-12 Although uncommon, pseudoaneurysms after
pancreaticoduodenectomy can lead to potentially serious
consequences including rupture and hemorrhage.2-10 For
these reasons, pseudoaneurysms should be diagnosed and
treated as soon as possible. In this case report, we describe
a case of superior mesenteric artery (SMA) pseudoaneu-
rysm after a Whipple procedure that was successfully
treated by endovascular placement of a stent graft.
CASE REPORT
A 31-year-old man underwent a Whipple procedure for a
tumor of the head of the pancreas. Intraoperative ultrasound scan
showed that the tumor abutted the SMA and other regional
vessels. The tumor did not invade the vessels and it was dissected
free from the anterior surface of the SMA, celiac, hepatic, and
splenic arteries. The portal vein was reconstructed using a reversed
left internal jugular vein graft. The pathology report revealed a
poorly differentiated, large cell neuroendocrine tumor and it was
decided to start chemotherapy. The patient recovered uneventfully
and was discharged on postoperative day 9. Six weeks after the
procedure, the patient presented with severe mid-epigastric pain
radiating to his back. Laboratory tests at the time of presentation
revealed moderate anemia (Hb 9.7 g/dL, Hct 28.4) but normal
serum amylase levels. Computed tomography (CT) showed a
large, enhancing 8.1 7.2 cmmass-like lesion in the region of the
pancreatic head with central enhancement, suspicious for a pseu-
doaneurysm or contained rupture (Fig 1). A 7F sheath was passed
into the SMA via the brachial approach. Once the SMA pseudo-
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doi:10.1016/j.jvs.2010.07.071aneurysm was seen (Fig 2), a 6 mm 2.5 cm Viabahn stent (W.L.
Gore, Flagstaff, Ariz) was advanced into the SMA and centered on
the pseudoaneurysm orifice. The stent was deployed and post-
dilated with a 6 mm balloon. Completion angiography showed
complete exclusion of the pseudoaneurysm, good angiographic
flow through the stent graft, good apposition to the arterial wall,
and filling of all the SMA branches (Fig 3). Immediately after the
procedure, the patient reported a significant decrease in back pain.
Follow-up CT scan showed a decrease in the size of the SMA
pseudoaneurysm with no active extravasation of the contrast.
Seven days later, the patient presented with hematochezia
with laboratory tests showing hematocrit 22 and white blood cell
count 26,000/mL. A CT scan showed a collection with pockets of
gas adjacent to the SMA with no active extravasation of contrast.
The abdomen was explored and a large amount of fluid near the
SMAwas identified. Intraoperative endoscopy also revealed a small
hole in the reconstructed jejunal limb. The enterotomy did not
seem to be ischemic in nature and was primarily repaired. The
pseudoaneurysm was excluded as no hemorrhage was seen.
The patient recovered well from this operation. Subsequently, the
patient presented with liver metastases and serial CT scans showed
progression of metastatic disease. He died 8months after the initial
operation due to disease progression. However, in all subsequent
CT scans, the SMA stent was noted to be patent.
DISCUSSION
Although the incidence of pseudoaneurysm after a
Whipple procedure is very low, it can cause significant
morbidity.3,4 The cause of pseudoaneurysm formation af-
ter aWhipple procedure remains unclear. It may result from
an anastomotic leakage from the pancreaticojejunostomy
or due to arterial wall injury during dissection. Machida et
al5 reported 10 cases of postoperative bleeding after pan-
creaticoduodenectomy, all of which were associated with
infection secondary to anastomotic leakage. In another
study, Reber et al3 reported 3 cases of ruptured pseudoan-
eurysms without any evidence of anastomotic leakage. The
authors suggested that the pseudoaneurysms might have
formed as a result of injuries during dissection. In our case,
the tumor abutted the SMA and it was aggressively dis-
sected off the arterial surface. We believe that the pseudo-
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during dissection. Also, an enteric fistula was discovered
and leakage from the fistula could have led to a local
infection, potentially contributing to arterial injury. Irre-
spective of the cause, immediate and accurate diagnosis is
essential to prevent serious complications such as rupture
and hemorrhage. Both CT scan and color Doppler ultra-
sound scan have proven useful in diagnosing pseudoaneu-
rysms. In the study by Reber et al,3 an ultrasound scan
misconstrued pseudoaneurysms as hematomas whereas a
CT scan proved to be diagnostic in all cases. We performed
a CT scan initially, which suggested an SMA pseudoaneu-
rysm and confirmed it with angiography.
Recently, endovascular treatment has been proposed as
an alternative to surgery in treating pseudoaneurysms, es-
pecially after major surgeries.1-10 Pseudoaneurysms after
major pancreatic and hepatobiliary surgeries are usually
near the pancreaticojejunostomy or hepaticojejunostomy
Fig 1. Computed tomography demonstrating a pseudoaneurysm
(arrow) arising from the superior mesenteric artery.
Fig 2. Selective angiography of the superior mesenteric artery
showing the location of the pseudoaneurysm (arrow) in relation to
mesenteric branches.and surgical exploration risks injuring these delicate intes-tinal reconstructions. Open repair in this clinical setting
carries the risk of significant morbidity and mortality. The
primary aim is to control or prevent bleeding and, given the
low survival rate of these patients,13 definitive arterial re-
construction and concerns regarding mycotic grafts are less
important. Thus in our case, an endovascular approach was
chosen and a covered Viabahn stent was placed across the
SMA opening. This led to immediate exclusion of the
pseudoaneurysm and relief of symptoms. The Viabahn
stent was chosen because of its flexibility, allowing it to
conform closely to complex arterial anatomy. The short
length of this stent allowed for preservation of the SMA
branches. Transcatheter arterial embolization can also be
used to treat such pseudoaneurysms.2-8 However, emboli-
zation in the SMA has significant risks and was not felt to be
appropriate. Another option is to induce thrombosis of the
pseudoaneurysm by percutaneous thrombin injection.11,12
However, the disadvantage of this technique is the poten-
tial for thrombus propagation into the artery.14 Previous
studies report cases of SMA pseudoaneurysm after pancre-
atic surgery that were successfully treated by endovascular
stenting.9,10 Wallace et al9 placed a stent graft across an
SMA pseudoaneurysm, but follow-up CT scans revealed
residual filling of the pseudoaneurysm. Repeat angiography
showed retrograde filling of the pseudoaneurysm via jejuno-
jejunal collateral circulation, which was eventually treated
with thrombin injection. In another report, Suzuki et al10
describe a case of bleeding from an SMA pseudoaneurysm
after a Whipple procedure that was treated by coil emboli-
zation. However, it failed to stop the bleeding, necessitat-
ing placement of a stent graft. Although the patient died
after 4 months due to disease recurrence, no bleeding
Fig 3. Selective angiography showing exclusion of the pseudoan-
eurysm after stent graft (arrow) placement and preservation of the
mesenteric branches.occurred during the follow-up period.
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agement of an SMA pseudoaneurysm by endovascular
stenting after aWhipple procedure. It is a valuable option in
cases in which neither open surgery nor endovascular em-
bolization are considered appropriate.
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